We know a great deal about Morganucodon, including all the bones of the lower jaw, but of Kuehneotherium much less. Of the bones of the lower jaw we know only fragmentary dentaries, from which, however, we can reconstruct the whole of this bone. We can be sure from the size and nature of the groove in the dentary to house the accessory jaw bones that Kuehneotherium, like Morganucodon, had a well developed and powerful reptilian jaw articulation. Also like Morganucodon and for exactly the same reason, Kuehneotherium had a squamosal-dentary hinge lateral to the quadrate-articular joint.
It is worth mentioning here the two mammallike reptiles noted at the beginning of the paper, Diarthrognathus and Probainognathus. These have a squamosal-dentary contact which could have had the same function as the temporomandibular joint in the earliest mammals, that of resisting the lateral thrust produced by shearing. This is, I think, a case of parallel evolution: I should be rather surprised if either Diarthrognathus or Probainognathus had anything to do with the evolution of the mammals. Whether Kuehneotherium and Morganucodon go back to a common ancestor which already had the temporomandibular joint we simply do not know. We would need to know the skull, and in particular the braincase, of Kuehneotherium to begin to answer that question. At the moment I suspect they do not, for two reasons: the basic differences in the mode of function of their teeth (Mills 1971) , and the great difference between the braincase of the descendants of Kuehneotherium (the Theria) and that of any of the Atheria (Triconodonta, Multituberculata and Monotrematathe sub-class to which Morganucodon belongs).
Once the temporomandibular joint had been established it could soon take over the whole of the jaw articulation, thereby releasing the quadrate-articular joint to pass into the middle ear. The quadrate and the articular were almost certainly concerned with hearing in the immediate reptilian ancestors of the mammals. 
REFERENCES

Evolution of Mastication
Reptiles cannot chew. In general, they use their teeth only to seize their prey, and if this cannot be swallowed whole, it is torn apart by a number of animals, or by a single animal 'worrying' it. The group of reptiles which later gave rise to mammalsthe 'mammal-like reptiles' -diverged at an early stage from the main reptilian stem, and by the Permian, some 250 million years ago, were widespread and might reasonably be regarded as the 'Lords of Creation'. By the middle of the Triassic (Fig 1) they were all but extinct, their place having been taken by the dinosaurs, which remained the dominant group until the latest Cretaceous. The mammal-like reptiles did not, however, quite disappear. Small members of the group survived, perhaps in areas where there was insufficient food for the large dinosaurs, or by eating items of food too trivial for their notice. In this group of tiny mammal-like reptiles a number of changes took place, all probably associated with the acquisition of the ability to maintain a body temperature above that of their surroundings. This increased their activity and their ability to avoid their enemies, but it carried the penalty that it vastly increased the food requirement (Parrington 1967 ability to chew would increase the range of substances available, and the efficiency of the digestive mechanism. In several groups of the latest mammal-likereptiles this chewing-by shearing the lower teeth across the uppersdeveloped. The group which ultimately survived was, as usual, a carnivorous one. In a carnivore the shear between upper and lower cheek teeth is almost vertical, so as to cut up the bodies of its prey, and such an action puts a great strain on the jaw joint. The joint was strengthened by the development of a second joint on the lateral side ofthe primitive one. It may not be coincidence that the modern shrew, with rather similar problems, also has a double jaw joint.
By the uppermost Triassic there were several animals with the mammalian type of jaw articulation, although they probably all had the older reptilian joint still functioning alongside the new one. They were all very small; probably smaller than any living mammal. Only one of them, Kuehneotherium, could possibly have been ancestral to the therianplacental and marsupial mammals of today. The strange egg-laying mammals of Australia were probably independently derived from the reptiles.
Kuehneotherium is known only from a collection of isolated teeth, with a few associated but edentulous fragments of jaw-bone (Kermack et al. 1968 ). Indeed most fossil mammals are known only by their teeth, which survive infinitely better than other parts of the skeleton, but in the case of Kuehneotherium, since the teeth are all isolated, it is not even possible to say whether they all belong to a single species, nor how many cheek teeth it possessed. Both upper and lower molars are about 1 mm long. The lower molar has three major cusps, with the highest (labelled Z in Fig 3A) on the buccal side, probably corresponding to the tip of a simple haplodont tooth. The remaining cusps, X and Y, are arranged so that the three form an obtuse-angled triangle when seen from above. It will be noted that the corresponding angle on the molar shown in The upper molar is almost a reversed image of this. Again there are three main cusps arranged as an obtuse-angled triangle, but here the highest cusp, A, lies on the lingual side. The heel, again hook-shaped when seen from above, lies on the mesiobuccal aspect of cusp B. At the base of the lower molar there is a narrow shelf or ledgea cingulumon the lingual side only. On the upper molar it extends all round the tooth, and that on the lingual side plays an important part in the development of mastication.
The principal cusps of both upper and lower molars are connected with each other by sharp crests, and a cutting action was developed by the animal pressing its lower molars laterally against the uppers. Lateral jaw movement is essential to this type of chewing, so that the cutting blades can be pressed together, like the blades of a pair of scissors; scissors with a loose joint are singularly ineffective.
In this cutting action the upper and lower triangles alternate (Fig 3A, right) with the highest cusp of the lower tooth fitting almost between two upper teeth, while the highest cusp of the upper tooth similarly shears down between two lower teeth. The cutting action is similar to a pair of 'pinking' shears rather than ordinary scissors. If the principal cusp of one molar sheared directly against the contact point of two opposing teeth, food would tend to pack between these teeth. This contact point is therefore protected by the 'heel' which projects mesially from the upper molar and distally from the lower, and against which the opposing cusp in fact shears. Its effect is somewhat similar to the 'marginal ridge' on a human molar, but in man the direction of jaw movement is almost horizontal, whereas in Kuehneotherium it is almost vertical, and this is reflected in the direction of the 'marginal ridge'. This is essentially the method of chewing in the therian group of mammals until at least the Paleocene, and is illustrated in simplified form by the cardboard model in Fig 4. Fig 4A shows a morsel of foodan insect, perhapslying on the upper surfaces of two adjacent lower molars, with an upper molar just in contact with it. This is viewed from the lingual side. The cusps serve to hold the morsel in place. In Fig 4B the mouth has commenced to close, and the food is in process of being cut between the blades formed by the crests joining the principal cusps. The heel of the lower molar serves to protect the contact point.
If this process continued indefinitely, the principal cusps would impinge on the opposing gum. To prevent this, the lingual basal ledge or cingulum comes into contact with the upper surface of the heel of the lower molar, as shown in Fig 4c, forming a 'stop' . This is the condition seen in the teeth of rather later therian mammals, from the mid-Jurassic to the mid-Cretaceous. In Kuehneotherium the heel of the lower molar is too small for this purpose, and the 'stop' is formed by the cusp X of the more distal lower molar coming into contact with the lingual cingulum of the upper molar in the area D ( Fig 3A) .
Mammals are very poorly known from this period, some 200 million years ago, until the uppermost Cretaceous, some 70 million years ago; that is for the first two-thirds of their existence. They remained small and insignificant, occupying the niche now held by insectivores such as the shrew and hedgehog. Of the known fossils, those which might lie close to the main line of mammalian evolution are Amphitherium from the middle Jurassic, Peramus from the uppermost Jurassic, and jEgialodon from the early Cretaceous, all from England, and two collections of teeth from the middle Cretaceous of Texas. Indeed, all these animals are known only by teeth and sometimes attached fragments of jaw-bones. Fig 3A  and B. In fact, Fig 3B shows two upper molars of Pappotherium from the middle Cretaceous of Texas, with a lower molar of the same age from another nearby site. On the upper molar the triangular outline has become more acute-angled. The lingual cingulum has become much wider, so that cusps A and C have been displaced buccally, while the particularly wide part of the cingulum between them, although still low and close to the gum margin, rises to a definite cusp D. On the lower molar the triangular outline of the three main cusps has again become more acute-angled, while the heel, H, has also increased considerably in size, and its surface has become flat or even gently concave. On its buccal margin is the beginning of a cusp W, which shears down the groove between cusps A and C in Fig 3B  (right) . The exact function of this mechanism between the lingual cingulum of the upper molar, D, and the heel of the lower, which I have described as a stop, is the subject of some controversy, but its importance cannot be overlooked, and its development has been described in detail elsewhere (Mills 1964 (Mills , 1967 .
At the end of the Cretaceous, over a comparatively short period, the dinosaurs disappeared from the world. This was presumably due to a change of climate, with which the enormous but cold-blooded dinosaurs were unable to cope.
The mammals now found a world virtually empty of large land animals, and over the Paleocene and Eocene they ramified, so that by the end of the Eocene there were representatives of most living orders. One group of primitive mammals took to the trees, living a life similar to the tree-shrews of present-day Malaysia. From this group were derived the primates, which probably emerged in the latest Cretaceous, although the earliest known fossil primates are from the lower Paleocene. Fig 3c shows the upper molar and, on the right, last upper premolar of one of the earliest, Palenochtha, with the lower molars of the contemporaneous, and possibly identical, Mekennatherium (Van Valen 1965), from the middle Paleocene.
The shearing between reversed triangles is still clearly recognizable in Fig 3c (right) , but changes are beginning to take place. The original lingual cingulum of the upper molar is now very wide, so that the cusps A and C have been displaced almost to the buccal margin of the tooth. On the lingual margin two new, short cingula, E and F, have arisen, probably to deflect the food away from the gingival margin, in order to protect the periodontal membrane; probably the original cingula of Kuehneotherium served initially the same function. The upper surface of the heel of the lower molar is greatly increased in size, and definitely concave, with three recognizable cusps, here labelled W, U and V. The upper cusp D occludes, in centric relation, in the centre of this lower heel, and in lateral jaw movement sweeps across it, like a pestle in a mortar, producing a grinding type of chewing, unlike the cutting type produced by the reversed triangles. This grinding action is extended by a reciprocal action of this cusp W across an inverted basin between the upper cusps A, C and D.
By this stage lateral jaw movement has, become more horizontal, and the vertical 'marginal ridge' is no longer needed. With this, and the buccal displacement of the cusp A, the cusp B is reduced 22 .0-13 to a vestige. At this stage, the original lower triangle, XZY, is still raised above the heel area, but the upper original cingulum and the cusp D are almost equal in height with the buccal cusps.
During the Eocene (including the Paleocene) the primates were represented by animals similar to the present-day lemurs of Madagascar and tarsiers of Borneo and the Philippines. The line of evolution which led to the apes and man is hazy, but by the early Oligocene we have fossils from Fayum in Egypt which, on dental evidence, seem to be primitive apes and monkeys. Simons (1969) has suggested that AEgyptopithecus, from this level, might represent an ancestor of both the apes and man, being very close to the point of divergence of the two groups (although the gibbons and possible the orang-utan had already split from the main hominoid line).
The molar teeth shown in Fig 3D are of Telmatolestes, a late Eocene lemuroid from North America. It is too advanced to be a probable ancestor of the apes and man, but serves to show the way in which the molar occlusion developed. The pestle-and-mortar grinding action seen in Fig 3c was apparently an efficient one; more so than the original cutting action by reversed triangles, for the omnivorous tree-dwellers concerned. Increasingly it dominates the chewing action, and the system of reversed triangles becomes more and more difficult to recognize. The lower triangle of cusps XZY, having lost its original function, now develops a new one. The cingulum E, seen on Palenochtha in Fig 3c, comes to occlude in the basin formed by the cusps Z and Y and the cusp V of the more mesial molar. The cusp X, having lost its function, tends to disappear, although a vestige remains in Telmatolestes, and can still be seen on the first lower deciduous molar of man.
By this stage the jaw movement is very much more horizontal, although still less so than in man. The heel has now risen to be on the same level as the rest of the tooth, and correspondingly the cusp E has risen to the level of the cusp D.
The final example, shown in Fig 3E, is a modern gorilla, but a similar pattern is seen in the most primitive apes, and is not unlike that seen in man. Chewing is now entirely a cusp-in-fossa grinding action and, as suggested elsewhere (Mills 1955) , can be divided into two phases. The teeth come into occlusion as the lower jaw moves medially, with the cusp D sliding down between the lower cusps Y and V, while E similarly shears between V and the cusp Y of the succeeding tooth. Reciprocally the lower cusp V slides between the upper A and C, and the lower Z between C and the cusp A of the succeeding tooth. This continues to the position of centric occlusion, and beyond this stage into the lingual phase of occlusion, with the buccal face of cusp D shearing across the lingual face of W, and similarly the buccal face of E across the lingual face of Z. This is essentially the type of balanced occlusion seen in man.
This brings me to the common ancestors of apes and men, in the early Oligocene. Some 30 million years ago, most probably, primitive hominids such as Ramapithecus separated from primitive pongids such as Dryopithecus; the story is continued by Professor Miles in the following paper.
Professor A E W Miles (Dental School, London Hospital Medical College, Turner Street, London El)
The Evolution ofDentitions in the More Recent Ancestors of Man In 1871 Darwin published his work 'The Descent of Man', in which, much more explicitly than in his 'Origin of Species' twelve years earlier, he expressed the view that we share a common ancestry with the anthropoid apes. For his argument he relied upon analogy with other species and on the morphological and behavioural similarities between man and the apes. At that time there was virtually no fossil evidence available directly to support his argument. However, Darwin's publication stimulated the search for fossil evidence, and today we have enough to indicate fairly reliably the broad stream of human evolution over the last 2 million years and, less reliably, our ancestry as far back as 50 million years. Fig 1 depicts the general view about the datings and relationships of the key specimens that form the main evidence. Man and his ancestors are put in one family, the Hominide, and the apes into another, the Pongide, but their cousinrelationship is indicated by grouping them together as a super-family, the Hominoidea.
